There are many reports on position-related complications in neurosurgical literature but so far, continuous quantification of the patient's position during the surgery has not been reported. This study aims to explore the utility of a new surgical table system and its software in displaying the patient's body positions during surgery on real-time basis. More than 200 neurosurgical cases were monitored for their positions intra-operatively. The position was digitally recorded and could be seen by all the members in the operating team. It also displayed the three-dimensional relationship between the head and the heart positions. No position-related complications were observed during the study. The system was able to serve as an excellent indicator for monitoring the patient's position. The recordings were analyzed and even used to reproduce or improve the position in the subsequent operations. The novel technique of monitoring the position of the head and the heart of the patients and the operating table planes are considered to be useful during delicate neurosurgical procedures thereby, preventing inadvertent procedural errors. This can be used to quantify various surgical positions in the future and define safety measures accordingly.
Introduction
Head and body positioning is one of the basic aspects of neurosurgical operations. Position-related complications such as peripheral neuropathy, cervical myelopathy, air embolism, and cerebral edema during the surgery have been discussed in the literature and various measurements have been proposed to reduce their occurrence, 1, 2) though none is quantitatively described. the degree of flexion and extension of neck, its positional relationship with shoulders, and its angle of rotation are described in detail in the literature for different procedures. the positional relationship between the heart and the surgical field, which is considered to be an important factor in the positioning of the neurosurgical procedures, has been only discussed empirically without any detailed virtual description. it is well understood that cerebral edema and the intracranial pressure is reduced by elevating the head and avoiding pressure to the jugular vein (i.e., reverse trendelenburg position). 3) it is also noted that lowering the head and elevating the lower extremities as much as possible lowers the incidence of air embolism in the sitting position. 4 ) the patient's physique, neck length, and other factors for individual cases are left to the discretion of an individual surgeon. Monitoring systems for changes in the patient's position during radiotherapy has been described, 5, 6) but a system for intraoperative monitoring of the heart and body positions during the neurosurgical procedures after draping has not been described yet. we have developed an operating table system that includes a software for digitally recording and received august 11, 2014; accepted December 4, 2014 Neurol Med Chir (Tokyo) 5 for the angle of back section was installed at the shaft of the back section, and encoder 7 for the angle of the leg section was installed at the shaft of the leg section. each encoder converted the angular position and motion of the shaft/axle to digital codes and transmitted information at frequency of five times per second. serial data of the heights of the table top, back section, leg section, and other components along with the angle data of the horizontal and vertical rotations were collected. these data were transferred to the display software (M72D10) installed in a personal computer (PC) connected to the operating table. all position data were recorded and saved as a separate file. the measurement errors of data from each encoder were estimated within ± 2 mm for section height and within ± 4 degree for angles. this recorded data would be considered as a reference for position of the same or another patient in future operations, which could be displayed as green color illustrations in the same screen simultaneously (Figs. 2c, 3d ). Displayed body position would be corrected if it did not coincide with the previously recorded data of the same position or at the surgeon's discernment. in addition, the side and the front views of the operating table could be displayed in schematic images. they were displayed either as parallel lines or oblique lines in the form of cabinet drawing. the oblique lines were along a line that would intersect the Y-axis (head-clamp axis) at an angle of 30 degrees (Fig. 2d) . this angle could be changed from 0 degree to 90 degrees. the central point of the head (intersection of the mid-sagittal plane with inter-meatal line) and the position of the heart (right atrium) were recorded for each case. as a result, characteristics of the operating table and the position of the heart and the head could be displayed on an external monitor. the spatial relationships between the reference points could be determined by drawing vertical lines from the central points of the head and the heart towards the back section of the operating table. the flashing frequency of the heart position indicator was once every 5 data collection (i.e., once per second) whereas that of the head position indicator was once every 15 data collection (i.e., once every 3 seconds) (Figs. 2c, d, 3d) . (Fig. 2a) . after draping, almost no information about patient position can be obtained (Fig. 2b) . with this monitoring system, lateral and oblique views of his position were obtained intra-operatively (compare Fig. 2c with  2d ) while head and heart positions were regularly assessed. some inadvertent changes in position were immediately corrected. Post-operative course was uneventful without complications.
II. Case 2
a 43-year-old man was operated for posterior fossa huge hemangioblastoma in sitting position (Fig. 3a) . Various body positions were displayed numerically (Fig. 3b ) or in schematic images (Fig. 3d) . Monitoring of the table was performed throughout the operation and displayed as a line chart (a part of the line chart is shown in Fig. 3c ). the head position in relation to the heart was constantly observed and head position would be changed accordingly to prevent air embolism. the head height ranged from 117 cm to 158 cm, and the height-difference between head and heart position ranged from 27 cm
Results
During the time course of the study, the system was used in more than 200 neurosurgical cases and no complications were observed. the table had advantage over the previously existing table (M72-7200BX) in terms of head elevation, vertical rotation, and monitoring system (table 1) . showing the images in lines at different angles was useful in adding depth to the depicted images. in this manner, the images perceived on monitor are very realistic to the operating team. with the help of data-collecting software different operative views (e.g., superior view) could be obtained.
the system was able to serve as an excellent indicator for monitoring patient's position. Body position that had hitherto been described empirically or subjectively was displayed in actual numerical values as well as graphical form on real-time basis (Figs. 2, 3 , detail described later). Previous body positions were superimposed on the screen and these could be referred to during the surgery for comparison. as a result of improvement in the upward and downward motion range, the head was able to be elevated while reducing the pressure difference between heart and surgical field. acquired data for different positions are summarized in table 2. 
Table 2 Angle and height of four operative positions evaluated in this study

III. Case 3
a 17-year-old boy with rapid regrowth of pineal immature teratoma was treated by two-staged right and left paramedian transtentorial and supracerebellar approaches in sitting position. at the first stage, the height difference between head and heart was 31 cm, and small amount of air emboli was detected during craniotomy procedure (Fig. 4 , the position is depicted in green color). using this position as a reference, we performed the second stage operation successfully in a better position and without any complications (the difference between head and heart position was reduced to 25 cm). No air emboli were detected during the second operation.
Discussion
as physiologic parameters such as blood pressure, heart rate, central venous pressure, and oxygen saturation are monitored continuously during surgery, we believe that monitoring of body positions is also essential. Patient position is important for surgeons, anesthesiologists, nurses, and other members of the operating team. Monitoring patient position is currently used in radiosurgery where the precise location of the target is the basis for treatment. johnson et al. reported the use of "electronic portal images" and "digital video images" in formulating the position of the patient. 5) these techniques are used for monitoring changes in position and hence, minimizing the set up errors for radiotherapy. similarly, rogus et al. used photogrammetry method for positioning their patients actively and monitoring patient's motion passively during radiotherapy treatment. 6 ) the system introduced here is different in that it uses the data gained from the operating table's components in serial manner thereby, outputting on a real-time basis.
the position of head and heart is always important for delicate neurosurgical procedures as it affects cerebral perfusion and intra cranial pressure. 7) the sitting position and other positions in neurosurgery exert variable impacts on the anesthesia. 1, 8) the position of the patient during the surgery is also very important for the paramedical staff especially nurses assisting in the surgery.
9) the principles of (a) visualizing the patient position digitally, (b) checking the body position changes by all members of the team, and (c) evaluating and reproducing the previously used positions were successfully accomplished by using the system. this is possible for the first time to quantify the relations between different indices (e.g., height difference between surgical field and heart) and a certain outcome (e.g., risk of air embolism). this device may also help define the safe limits and the danger zones for each part of surgical positioning (e.g., degree of head elevation). when various positions are described in the literature, the reader cannot exactly reproduce the same position and this reduces the reproducibility of the positioning and consequently the surgical exposure and safety. with this device, detailed positioning can be described in numbers and reproduced in exact form.
Finally, this surgical bed can be useful when an intra-operative change in position is required for example:
1. spinal diseases: after decompression we may change the position to do fixation and fusion in the optimal position.
2. skull base or vascular lesions: when deeper part of the lesion is out of view, a change in position (usually rotating the patient ipsi-or contra-laterally) can be helpful.
3. trauma or posterior fossa surgery: any swelling in the brain or sinus bleeding can be controlled by elevating the upper part of the table. air embolism detected on echo-cardiography can be addressed by depressing the head of the table.
Like any other newly introduced technology, we should expect some limitations for this table. the system is mechanical and computer based and may err while functioning, although no such problems were observed during our study. on the other hand, relying on this system as an indirect indicator of appropriate intra-cranial pressure or bleeding might be misleading as other elements of position are also important in addition to the position of the head and heart. For instance, the degree of flexion and extension of the neck, and head rotation angle are not currently monitored by the system and require further development. Furthermore, bleeding and intra-cranial pressure during the surgery involve many other factors in addition to the position of the patient. a novel technique of monitoring the body position during critical neurosurgery procedures incorporating head-heart relationship can reduce the procedural errors and benefit patient's outcome. Further studies to use this table in reproducing surgical procedures and to define safety measures are warranted.
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